Background: There is limited information on the patterns of use, adherence rates, and factors that impact adherence with topical treatments for actinic keratosis (AK). Objectives: To establish patterns of use and adherence with topical treatments for AK and to identify treatment-related factors that impact on adherence. Methods: A community-based, cross-sectional study was performed using a standardized questionnaire completed online or via telephone interview. Patients were stratified according to the presence of AK lesions on the scalp and/or other extremities; and presence of scarring resulting from treatment. Results: This study included 305 patients with AK who were currently using a patient-applied topical therapy for AK or had used one within the previous 12 months. In total, 88% (n = 268/305) of patients were either non-adherent, non-persistent or both non-adherent and non-persistent to topical therapy. Duration of treatment was associated with increasing rates of non-adherence (adjusted odds ratio [OR]; for treatment durations greater than 4 weeks, 2.2, P , 0.01): 52% of patients were non-adherent with 3-4 week treatment duration; 69% of patients with 4-8 week treatment duration; and 71% of patients with 6-12 week treatment duration. There were similar increases in non-persistence with increasing treatment duration (adjusted OR; for treatment durations greater than 4 weeks, 2.1, P , 0.05). Conclusion: This study found high rates of non-adherence and non-persistence in patients with AK. Duration of treatment was a significant factor contributing to non-adherence and non-persistence to topical treatments. Patient-applied topical therapies that require less frequent application and have shorter treatment duration may be associated with improved adherence rates.
Introduction
Actinic, or solar, keratoses (AKs) are common skin lesions that affect approximately 20% of people over 60 years of age in the UK. 1 AKs are generally the result of cumulative ultraviolet skin exposure and are precursors for the majority of cutaneous squamous cell carcinoma (SCC) cases. With an aging population, increase in outdoor activities, and changes in sunbathing practices, the incidence of AKs is increasing in older persons as well as those aged younger than 40 years. 2 In general, AKs occur predominantly on sun exposed areas: the backs of the hands, the face, scalp, and forehead. They are often asymptomatic but may occasionally be sore or itch. Patients often have multiple lesions within a field of damage. 3 Over time, AK lesions may remain unchanged, proliferate, or regress. Approximately 25% of lesions recede without treatment. 1, 2 Although the rate of progression of AKs to SCC is relatively low (around 8% on average 4 ), the main reason that treatment is initiated is to prevent progression into SCC. 1 The two main approaches to treating AK lesions are patient-applied topical therapies which are applied to single lesions, multiple lesions, or an entire area or field, 2 and surgical or ablative methods (eg, cryotherapy) targeted to one lesion. Although new topical agents are in the early stages of being introduced, the mainstays of topical treatment are currently: diclofenac sodium 3% gel, 5-fluorouracil 5% cream, imiquimod 5% cream, and fluorouracil 5 mg/g and salicylic acid 100 mg/g solution. 1 These topical agents vary in terms of their efficacy, cost, cosmetic acceptability, side effects, and frequency and duration of treatment. All agents must be applied for at least several weeks and typically cause some erythema, burning, and ulceration at the application site. The British Association of Dermatologists Guidelines for the Management of Actinic Keratoses (2007) 1 state that data comparing individual treatments are not sufficient to justify making a single recommendation. They advise that treatment decisions should be individualized and based on clinical presentation, product characteristics, and patient preference.
For self-administered treatments, adherence is another factor to be considered when selecting a suitable treatment for patients with AKs. Adherence to patient-applied topical therapy regimens has been found to be low for a range of skin conditions, especially chronic skin disorders such as psoriasis which require long-term treatment. 5, 6 Approximately 40% of patients with psoriasis report not using treatments as directed. 7 One study in a small number of patients with AKs reported higher levels of adherence to a once-a-day topical therapy (around 80% averaged over the 4-week treatment period), although rates of adherence declined over the treatment period. 8 Generalizability of the results of this study are limited by the very small sample size (20 patients), and the exclusion of lesions on parts of the body other than the face and scalp.
Treatment non-adherence has been associated with poor response to treatment and worse disease outcomes. 5, 6 Non-persistence (not completing the course of treatment) can be viewed as another type of non-adherence. It is possible for patients to be non-adherent (not use the correct dose at the correct times) but still complete the course of treatment, and therefore be persistent. Conversely, patients can use the correct dose at the correct times (and therefore be adherent) but stop the course of treatment prematurely and therefore be non-persistent. Non-adherence can be unintentional (forgetting doses) or based on logical, reasoned decisions about how and when to use medication (intentional non-adherence). Most interventions have traditionally been aimed at reducing unintentional non-adherence using treatment reminders and prompts. However, in general, forgetting doses probably accounts for only around 40% of non-adherence. As highlighted in previous research, nonadherence to patient-applied topical treatments is influenced by sociodemographic, disease, and treatment-related factors. Some of these factors include younger age, 5, 9 forgetfulness, 10 patient satisfaction, 9,11 perceptions of treatment efficacy, 11 lack of knowledge, 9 having to pay for prescriptions, 10 the cosmetic characteristics of treatment, 5 the complexity of the treatment regimen, 11 frequency of use, 12 and treatment duration. 12 Some factors contributing to non-adherence including inconvenience, 11 time constraints, 5, 12 and fear of, 11 or occurrence of, side effects 9 are common to many skin disorders.
This study aimed to explore how patients with AK use their topical treatments (patterns of use). The objective was to determine the rates of adherence and persistence with different patient-applied topical therapies for AK in a large sample of patients with lesions on all parts of the body; and the extent to which adherence and persistence are influenced by treatment characteristics including the complexity and duration of treatment regimens.
Materials and methods
This was a community-based cross-sectional study in patients with AK from across the UK. The study was conducted in May 2012. Patients were recruited online and via adverts in local and national newspapers.
Patients completed a questionnaire online or via telephone interview. This questionnaire was based on standardized questionnaires used in previous studies to capture patterns of medication use and identify factors associated with poor adherence and non-persistence. 13, 14 The protocol, questionnaire, and other study materials were reviewed and approved by an independent research ethics committee. All subjects provided informed consent.
Eligible patients were adults (.18 years old) with a clinical diagnosis of AK made by their GP or specialist, affecting the head and/or trunk and extremities, who were currently or had previously (within the last 12 months) used one of the following patient-applied topical treatments for AK: diclofenac sodium 3% gel, 5-fluorouracil 5% cream, imiquimod 5% cream, or fluorouracil 5 mg/g and salicylic acid 100 mg/g solution. Patients who had previously submit your manuscript | www.dovepress.com Dovepress Dovepress received cryotherapy or excision surgery for AK lesions were excluded from the study. The sample was stratified according to whether subjects were currently using treatment or had ceased treatment within the previous 12 months. The sample was also stratified to ensure the study included comparable numbers of subjects with AK affecting the head and other body sites (trunk and extremities), and comparable proportions of subjects whose treatment had and had not resulted in scarring.
Data collected included: sociodemographic characteristics (sex, geographic region, ethnicity, marital status, total annual household income, highest level of education, and employment status) and disease characteristics (time since initial diagnosis of AK; current or most recent topical AK treatment used; time since last topical treatment for AK was used; presence of scarring; and current or previous localized skin reaction [LSR] ).
Patient-reported measures of adherence consistently overestimate adherence compared with more objective measures such as pill counts, tube weights, and electronic pill caps. [15] [16] [17] [18] [19] [20] [21] [22] To reduce this bias, patients were asked to give detailed information about how they used their cream/ ointment (frequency of application, times when application was missed or forgotten, length of time [days/weeks] treatment was used) without reference to how frequently they should have been/had been advised to use it. These questions allowed patients to give information about medication use in a more factual, less biased way than if they had been asked whether they had followed their doctor's recommendation. Estimates of adherence and persistence were calculated from these data. Once they had given this information patients were asked how often they forgot to apply the cream/ointment to gain an estimate of unintentional non-adherence. Quality of life was measured using a validated dermatology-specific questionnaire, Skindex16. 23 Hypothetical treatment scenarios incorporating variations in efficacy and treatment duration were used to elicit subjects' treatment preferences.
A sample of 300 patients with AK was required for the logistic regression where non-adherence was categorized as a binary variable, to detect an odds ratio of two in the explanatory variable, with 80% power, and 5% significance.
Recruitment methods used in this study helped to minimize selection bias by ensuring that the study population was representative of the UK population in terms of geographic spread and sociodemographic characteristics. Advertisements were placed in both online and print media sources, including several different local and national newspapers to ensure data were captured from different sociodemographic populations.
Statistical analysis
All subjects who completed the questionnaire were included in the analysis. Subjects found not to have satisfied the protocol inclusion/exclusion criteria were excluded from the analysis. Analysis was carried out using SPSS version 20.0 (IBM Corporation, Armonk, NY, USA). Standard descriptive statistics such as mean and standard deviation were calculated; for non-normally distributed data, non-parametric statistics were used. Logistic regression models, adjusted for potential confounders (age, sex, socioeconomic status), were used to quantify the impact of treatment duration on adherence and persistence. Quality of life was a secondary endpoint. Key outcomes were compared between online and telephone-administered questionnaire responses to test for systematic differences (bias) resulting from the mode of administration. Missing data were not imputed.
Results
To recruit the 300 patients required, a total of 1,912 people responded to online or print advertisements designed to capture a representative sample of patients with different socioeconomic status. Of these, 1,059 were ineligible to participate and 545 did not manage to complete the survey. Reasons for noncompletion were variable with dropout occurring at different points in the questionnaire. The primary reasons for ineligibility were past treatment and timing of past treatment. A total of 305 eligible patients were recruited into the study and completed the questionnaire, 82% (n = 250) of whom responded to local or national press advertisements.
Sociodemographic characteristics of the study population are reported in Table 1 . AK lesions affected most body sites with the distribution of lesions as follows: 50% (n = 152) of patients had lesions on the face or scalp only; 15% (n = 46) had lesions on other body areas (eg, trunk, back, arms, legs, or feet) but not on the face or scalp; and 35% (n = 107) had lesions on both the body and face or scalp. Table 2 shows the distribution of lesions by body site. More than half of patients had chronic AK lesions with 66% (n = 202) diagnosed with their first lesion more than 1 year ago. At the time of recruitment, 43% (n = 131) of patients were using topical therapy, and 40% (n = 120) had ceased therapy within the last 6 months. Sixty-eight percent of patients (n = 207) had visited a specialist in the previous 3 months. Around 50% (n = 151) had experienced scarring resulting from their submit your manuscript | www.dovepress.com
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either non-adherent, non-persistent, or both non-adherent and non-persistent. Sixty-three percent (n = 193) of subjects were non-adherent with their topical therapy for AK.
Thirty-one percent (n = 94) of patients had stopped using their treatment before the end of the recommended treatment period (non-persistent). Figure 1 shows the relationships between intentional (making a decision to use more or less than the recommended dose) and unintentional (forgetting doses) adherence and non-persistence (stopping treatment before the end of the course). Not all patients who were non-persistent were also non-adherent; some patients stopped taking their treatment before they had completed the recommended treatment period, but while they were using the medication, applied it with the recommended frequency in the recommended amounts.
The most recent treatment used by almost 50% (n = 150) of patients had a recommended duration of 6-12 weeks, while 41% (n = 126) used a treatment with the shortest recommended treatment duration of 3-4 weeks.
Non-adherence, non-persistence and duration of treatment
Rates of non-adherence increased with the duration of treatment with a significant increase when the treatment duration exceeded 5 weeks. Figure 2 shows rates of non-adherence by length of treatment period. Non-adherence (both intentional and unintentional) was twice as likely to occur with treatment durations greater than 4 weeks (adjusted OR: 2.2; CI 95%: 1.3 to 3.6; P , 0.01, and OR: 2.6; CI 95%: 1.5 to 4.3; P , 0.0001 respectively). Rates of non-persistence showed a similar pattern with increasing treatment duration. Fourteen percent (n = 43) of patients were non-persistent with treatment with a 3-4 week treatment period, 21% (n = 64) were 
Patterns of use
Non-adherence was derived from patient reports of patterns of use of topical therapies (when and how often they applied it). Non-adherence was defined as using more or less than the recommended dose, or more or less frequently than recommended according to the relevant summary of product characteristics. A total of 269 (88%) patients were submit your manuscript | www.dovepress.com
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non-persistent with a 4-8 week treatment period, and 20% (n = 61) were non-persistent with a 6-12 week treatment period ( Figure 2 ). Patient perceptions of the duration and intrusiveness of treatment also influenced adherence. Almost half of patients (42%, n = 128) felt their treatment went on for too long and 74% (n = 225) felt that treatment was too time consuming. Patients who felt that treatment went on for too long and that treatment was too time consuming to fit into their daily routine were more likely to be unintentionally non-adherent than adherent (adjusted OR: 1.2; CI 95%: 1.1 to 1.3; P , 0.0001, and adjusted OR: 1.1; CI 95%: 1.0 to 1.8; P , 0.05).
Duration of the treatment period was also associated with patients' perceptions of the efficacy of treatment; perceptions of efficacy decreased with increasing treatment duration (P , 0.0001) (Figure 3 ).
Treatment outcomes and quality of life
Less than half of patients (45%, n = 137) were concerned about the possibility of experiencing scarring from treatment or about the possibility of other side effects but those who were worried about scarring were more likely to be nonadherent than adherent (adjusted OR: 1.8; CI 95%: 1.1 to 3.0; P , 0.05).
Patients who had experienced scarring as a result of treatment had poorer quality of life scores than those who had no scarring. The median Skindex16 score for patients who had experienced scarring was 28.21, compared with 16.67 for patients who had no scarring, P , 0.001 (higher scores indicate worse quality of life).
Discussion
This cross-sectional study examined adherence and persistence with topical treatments in patients with AK. Similar 
Figure 2
Adjusted odds ratios for intentional non-adherence, unintentional nonadherence, and non-persistence for treatment of different durations. Notes: Statistical significance is represented by *P , 0.05; **P , 0.01; ***P , 0.001; ****P , 0.0001. Abbreviation: OR, odds ratio. to published studies examining adherence with patientapplied topical therapy regimens in other skin disorders, 5, 10 rates of adherence and persistence in AK were found to be low and were much lower than those reported in a previous study in AK. 8 Substantial proportions of patients with AK forgot to use their treatment or intentionally chose not to apply treatment according to product recommendations, and discontinued before the course was complete. Explanations for the lower levels of adherence in this study compared with the study reported by Yentzer et al, 8 may include the larger sample size in this study with broader inclusion criteria; patients had lesions on their trunk and/ or extremities as well as their face and scalp and different topical therapies. In addition, patients in the study by Yentzer et al were assessed prospectively at regular intervals during the treatment period and, although adherence was not specifically addressed during those assessments, the fact that they were being actively followed-up may have prompted greater adherence.
In line with the literature, duration of treatment and perceived ease of use of treatment affected adherence and persistence in patients with AK. Duration of treatment was shown to be a strong predictor of non-adherence and non-persistence; both non-adherence and non-persistence increased with increasing duration of treatment.
Quality of life in patients with AK was higher posttreatment for all patients irrespective of whether or not they had experienced LSR or scarring and patients without scarring or LSR showed a consistently higher quality of life in all dimensions (emotional, physical, and functioning) than submit your manuscript | www.dovepress.com Dovepress Dovepress those who had experienced scarring or LSR. These findings demonstrate that there is a clear "global" benefit in terms of quality of life associated with treating AK, even in those patients who have experienced LSR or scarring.
A limitation of this study was the use of patient selfreport to capture information on adherence. Studies have consistently shown that patient-reported adherence is higher than objective measures of adherence. [15] [16] [17] [18] [19] [20] [21] [22] The difficulty is in finding appropriate and acceptable objective measures of adherence for patient-applied topical treatments. Measuring the used weight (of tubes or other containers) is often used as a more objective measure of adherence, although it tells us nothing about how the medication was used, when it was applied, to what it was applied, and how much was applied to each area. In this study we limited the bias inherent in patient self-report by asking patients to describe how and when they used their medication without any reference to whether that was what the doctor had recommended. This approach has been used to capture information on patterns of use of medication from which rates of adherence have been calculated across a number of therapy areas.
A further limitation of the study was the lack of confirmed diagnosis of AK or treatment. Some patients may have participated in the study who had other conditions. However, the screening interviews to assess eligibility were detailed and rigorous, to minimize the potential for bias.
Using different methods of data collection could also potentially bias the results, with patients who complete a telephone administered questionnaire giving different responses to key questions about adherence from those completing the questionnaire online. Our researchers were specifically trained to try to minimize this bias. Moreover, the way that the questions were framed (around how patients used their topical therapies) was designed to remove any impression of a right or wrong way of using treatment, to reduce the over-reporting of adherence that so frequently happens in self-report. Key outcomes were compared between online and telephone administered questionnaires and no significant differences were found, suggesting that the differences in methods of data collection did not bias the results.
Conclusion
This study found high rates of non-adherence and nonpersistence to patient-applied topical therapy in the UK. These findings are consistent with published studies which report high rates of non-adherence with patient-applied topical therapy regimens for other skin conditions. The duration of treatment is a significant factor influencing non-adherence and non-persistence, with significantly higher rates of both when the treatment duration exceeds 4 weeks. The findings of this study provide some insight into potential strategies for improving adherence to patient-applied topical treatment regimens. Treatment-related factors such as ease of use and duration of treatment may be amenable to change through interventions that manage patient expectations and provide support during the treatment period. Adherence may be improved with simplification of the treatment regimen, less frequent use, and shorter treatment duration.
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